Introduction
and reduces apoptosis of endothelial cells; increases endothelial tube formation in vitro; and augments pathological angiogenesis in murine models of inflammation, cancer, and atherosclePassive exposure to second hand smoke (SHS) is associated with atherosclerosis and cancer (US Environmental Protection rosis (Heeschen et al., 2001 . Another modulator of angiogenesis is the class of isoprenAgency, 1992; Glantz and Parmley, 1992) . Each of these tobacco-induced diseases requires neovascularization for growth oids, which are essential for membrane attachment and biological activity of GTPases Ras and RhoA. In addition to reducing of the lesion. Tumor angiogenesis is a multifactorial process that is generally required for tumor growth (Hanahan and Folkman, cholesterol levels, the inhibitors of 3-hydroxy-3methyl-glutarylcoenzyme A reductase (HMG-coA reductase inhibitors or stat-1996). As the tumor expands, central ischemia induces expression of angiogenic growth factors, e.g., vascular endothelial ins) inhibit synthesis of the isoprenoids geranyl and farnesyl pyrophosphate. By doing so, statins may interrupt angiogenic growth factor (VEGF) or fibroblast growth factor (FGF). These factors stimulate endothelial cells in the existing vasculature to signaling (Vincent et al., 2001) . Statins interfere with post-receptor signaling of VEGFR by reducing geranylation of rho kinase proliferate and migrate through the tissue to form new endothelialized channels. Circulating endothelial progenitor cells (EPCs) (Vincent et al., 2001; Weis et al., 2002; Gingras et al., 2000) . Statins inhibit the secretion of monocyte chemoattractant promay also contribute to tumor vascularity (Rafii, 2000) . Genetic inhibition of EPC recruitment inhibits tumor neovascularization tein-1 (MCP-1) by inhibiting farnesylation of Ras protein (Vincent et al., 2001; Romano et al., 2000) . This action of statins may (Lyden et al., 2001) .
In addition to the FGF and VEGF systems, we have recently interfere with angiogenesis, as monocytes (or monocyte-like cells that may transform into EPCs) mediate proangiogenic effects implicated another pathway in pathological angiogenesis (Cooke and Bitterman, 2003) . Nicotinic acetylcholine receptors (nAChRs) and have been shown to release angiogenic factors (Rehman et al., 2003) . are expressed in neuronal, endothelial, and vascular smooth muscle cells. Stimulation of endothelial nAChRs induces proliferation Because nicotine is a major component of SHS, we hypothe-sized that SHS would accelerate tumor angiogenesis. We hypothesized that this effect may be mediated by an increase in humoral (i.e., VEGF, MCP-1) or cellular (i.e., EPC) components of tumor angiogenesis. We further hypothesized that these effects of SHS would be blocked by antagonists of the nAChR or by inhibition of isoprenoid synthesis. The following study was undertaken to test these hypotheses.
Results
Effect of second hand smoke on tumor growth Five groups of eight or nine mice each were exposed to clean room air or second hand smoke (SHS) for 17 days after subcutaneous implantation of Lewis lung cancer cells. (Figure 1 ). In the absence of SHS, statins had no effect on tumor size (p ϭ .468) or weight (p ϭ .399). Cerivastatin and mecamylamine both substantially blocked the effects of SHS, each blocking about two thirds of the increase in tumor size and weight (Figure 1 ).
Effects of SHS on tumor angiogenesis
Tumor vascularity was determined from cryosections of tumor tissue derived from mice that had received a systemic infusion of space-filling fluorescent microspheres via the left ventricle.
These studies revealed that capillary density was increased about 2-fold in mice exposed to SHS (p Ͻ .0005) ( Figure 2A ). Cerivastatin had no effect on tumor angiogenesis in mice breath- induced by SHS (p Ͻ .0005).
SHS and mediators of tumor angiogenesis
Plasma VEGF and MCP-1 levels were determined by immunoasDiscussion say. SHS increased plasma VEGF levels more than 2-fold ( Figure  2B ). Cerivastatin had no effect in mice breathing clean room
The salient findings of this study are: (1) second hand smoke air, but tended to reduce VEGF levels (by 25%) in mice exposed (SHS) significantly increases tumor size, weight, and vascularity; to SHS (p ϭ .145). Mecamylamine blocked about two-thirds of (2) SHS increases serum VEGF and MCP-1 levels; (3) SHS inthe increase in VEGF induced by SHS (p Ͻ .0005).
creases the number of circulating endothelial progenitor cells; SHS doubled serum MCP-1 levels (p Ͻ .0005) ( Figure 2C ). and (4) Antagonism of the nACh receptor, or inhibition of Although cerivastatin had no effect in mice breathing clean room isoprenoid metabolism, reverses in part these effects of SHS. air, it blocked three-quarters of the increase in MCP-1 levels Specifically, the nicotine acetylcholine receptor antagonist, induced by SHS (p Ͻ .0005). Mecamylamine had a smaller, mecamylamine, reduced the effects of SHS on tumor size, marginally significant (p ϭ .050) effect on MCP-1 levels.
weight, and vascularity, as well as levels of circulating MCP-1, Circulating endothelial progenitor cells were detected by VEGF, and endothelial progenitor cells. The HMG-CoA reducflow cytometry and were defined by positive staining for CD34 tase inhibitor, cerivastatin, reduced the effects of SHS on tumor and flk-1. The number of circulating endothelial progenitor cells size, weight, and vascularity and reduced serum MCP-1 levels. tripled in the SHS mice (p Ͻ .0005; Figure 2D ). Cerivastatin had Statins did not significantly modulate the effects of SHS on no significant effect on circulating endothelial progenitor cells.
VEGF or circulating endothelial progenitor cells. Statins, at the Mecamylamine blocked about one-third of the increase in circudose we used, did not affect any of the variables we measured lating endothelial progenitor cells associated with SHS (p Ͻ in mice breathing clean room air. SHS, the tobacco combustion products inhaled by non-.0005).
Figure 2. SHS promotes tumor angiogenesis
A: SHS increased capillary density in the tumors (p Ͻ .0005). Cerivastatin (p ϭ .018 for SHS ϫ statin) and mecamylamine (p Ͻ .0005) partially blocked this effect. B: Plasma VEGF levels increased in mice exposed to SHS (p Ͻ .0005). Cerivastatin tended to inhibit this effect (p ϭ .145 for SHS ϫ statin). Mecamylamine blocked about two-thirds of the effect of SHS (p Ͻ .0005). C: MCP-1 levels increased in mice exposed to SHS (p Ͻ .0005). Cerivastatin blocked most of this effect (p Ͻ .0005 for SHS ϫ Statin); mecamylamine had a smaller effect (p ϭ .050). D: The number of circulating endothelial progenitor cells (EPS) increased with SHS (p Ͻ .0005). Cerivastatin did not significantly blunt this effect (p ϭ .271 for SHS ϫ Statin); mecamylamine blocked about one-third of the effect of SHS (p Ͻ .0005). Cerivastatin in the absence of SHS did not have a statistically significant effect on any variable (p ϭ .733 for capillary density, p ϭ .637 for VEGF, p ϭ .829 for MCP-1, p ϭ .768 for ECP). Error bars indicate standard deviations.
smokers in the proximity of burning tobacco, is dangerous beat these levels increases experimental atherosclerosis in rabbits and myocardial infarct size in rats (Zhu et al., 1993 (Zhu et al., , 1994 . cause it contains high concentrations of nicotine, benzene, polyWe have observed anatomic and functional evidence that cyclic aromatic hydrocarbons, fine particles (PM 2.5 ), and many nicotine induces angiogenesis and accelerates the growth of other carcinogens and irritants (US Environmental Protection tumor and atheroma in association with increased lesion vascuAgency, 1992; Glantz and Parmley, 1992; Cooke and Bitterman, larity, these effects mediated by nicotinic acetylcholine recep-2003). The exposure chamber we used had an interior volume tors (Heeschen et al., 2001 . Signaling pathways (3.6 m 3 ) similar to that of an automobile sedan (3.7 m 3 ). If four mediating the effect of nicotine on endothelial network formation passengers each smoked four cigarettes per hour, that microeninclude phosphatidylinositol-3-kinase and mitogen-activated vironment would be similar to the one in the present study. The protein kinase pathways that converge on the activation of NFplasma cotinine concentrations we observed in our mice (150-B (Heeschen et al., 2002) . Our current results are consistent 200 ng/ml) are comparable to what would be expected from a with the hypothesis that nicotine activates an endogenous angiheavy level of passive smoking, as in a casino, bingo parlor, or ogenic pathway mediated by endothelial nACh receptors. Furthermore, our observations indicate that nicotine absorbed from bar room. Our previous studies indicated that exposure to SHS SHS can exert a substantial effect on tumor angiogenesis and tumors are less immunogenic than experimental tumors (Hewitt et al., 1976 ). growth at levels of exposure experienced by people in smoky
In conclusion, exposure to SHS at levels observed in smoky environments.
environments stimulates tumor growth, tumor angiogenesis, The effects of nicotine may be mediated in part by activation and an increase in growth factors and cells known to contribute of endothelial-monocyte interactions involved in arteriogenesis.
to tumor angiogenesis (Figure 3 ). These effects were reduced Nicotine has been shown to activate human monocyte-derived by mecamylamine, a nicotinic receptor antagonist, and cerivasdendritic cells and to augment their capacity to stimulate T cell tatin, an inhibitor of isoprenoid synthesis. This study indicates proliferation and cytokine secretion (Aicher et al., 2003) . Furtherthat the oncogenic effects of SHS are mediated in part by angiomore, nicotine increases serum VEGF levels (Heeschen et al., genic effects of nicotine. 2001). These data are consistent with our observation that mecamylamine (an antagonist of nACh receptors) blocks the effect
Experimental procedures
of SHS to increase serum VEGF and MCP-1 levels.
Mecamylamine (but not cerivastatin) blocked the effect of of exogenous VEGF is known to stimulate the release of endothelial progenitors into the circulation (Rabbany et al., 2003) .
Experimental groups
Alternatively, mecamylamine may block a direct effect of nicoForty three mice were randomized into five groups (n ϭ 8 or 9 each group) tine on mobilization of endothelial progenitors. that the anti-inflammatory effects of statins contribute to were similar and significantly higher than the two clean room air groups. There was no interaction of the drugs with cotinine levels.
blocking the angiogenic effects of SHS. By inhibiting HMG-CoA reductase, statins block the formation of isoprenoid products of
Laboratory measurements
mevalonate. Isoprenoids such as geranylgeranyl pyrophosphate
Tumor size was determined with a digital caliper (4/3 ϫ length/2 ϫ width/ provide lipophilic anchors that are essential for membrane at-2 ϫ thickness/2). Plasma cotinine levels, a measure of exposure to nicotine, tachment and biological activity of small GTP binding proteins were measured by STC Technologies (Bethlehem, Pennsylvania). Plasma such as Rho A and Ras (Yoshida et al., 1991; Elson et al., 1999) .
VEGF levels were determined with a mouse VEGF ELISA kit (R&D Systems, Minneapolis, Minnesota). The MCP-1 levels were determined using a mouse Rho A is a small GTP binding protein crucial for the organization JE/MCP-1 immunoassay (R&D Systems). Circulating endothelial progenitor of the actin cytoskeleton and therefore for cell locomotion recells were determined by flow cytometry and were defined by positive stainquired for angiogenesis (Menager et al., 1999) . Geranylgeranyla- in angiogenesis (Finco et al., 1997; Berra et al., 2000; Shono et via the left ventricle (Heeschen et al., 2001 (Heeschen et al., ). al., 1996 . The antiangiogenic effects of the statins may explain the unanticipated observation that cancer deaths are reduced
Statistical analysis
in some large trials of statins for prevention of cardiovascular
Values are presented as mean Ϯ standard deviation. Statistical hypothesis events (Pedersen et al., 2000) . However, with respect to the testing was done with a general linear model:
mechanisms by which SHS contributes to human malignancy, mylamine was only given to mice who were exposed to SHS). Raw observations are presented as mean Ϯ standard deviation. p values are associated
